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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS  - 

The  major  thrust  of  this  program  is  in  the  direction  of  explo- 
ration of  new  methods  for  vaporizing  and  studying  the  reactions  of 
the  high  boiling  elements,  during  this  period  for  the  main  part 
the  high  boiling  transition  elements. 

We  have  been  successful  in  carrying  out  thermal  vaporizations 
of  tungsten,  molybdenum,  rhodium,  ruthenium,  titanium,  zirconium, 
and  thorium.  Each  of  these  metals  shows  an  interesting  and  new 
chemistry. 

Molybdenum  and  tungsten  make  a great  variety  of  substituted 
bis-arene  metal  compounds.  Similar  species  are  produced  with  ben- 
zene when  one  uses  titanium,  zirconium,  or  thorium.  These  latter 
compounds  are  less  stable  and  are  generally  used  as  reactants  in 
further  transformations.  For  example,  from  titanium  atoms  and  ben- 
zene or  toluene  one  makes  a bis-arene  compound  which  reacts  rapidly 
with  cyclooctatetraene  to  make  either  the  bis -cyclooctatetraene 
titanium  or  the  tris-cyclooctatetraene  bis-titanium.  The  latter 
compound  was  particularly  interesting  since  it  turned  out  to  be 
paramagnetic  and  it  was  readily  reduced  to  a diamagnetic  material 
which  we  postulate  to  be  the  triple  decker  sandwich  in  which  all 
three  cyclooctatetraene  rings  are  planer. 

Bis-arene  molybdenum  and  tungsten  compounds  have  been  prepared 
with  halogen,  methoxyl,  carbethoxyl,  and  dimethylamino  substituents. 
This  work  was  done  to  prepare  not  only  the  homo-complexes,  but  also 
the  hetero-complexes,  in  preparation  for  an  examination  of  the  phy- 
sical properties  and  chemical  properties  of  these  mixed  arenes  to 
learn  whether  or  not  electronic  effects  are  strongly  transmitted 
between  the  two  halves  of  the  sandwich.  That  work  is  now  in  pro- 
gress . 

The  electron  transfer  properties  of  metal  atoms  were  examined 
in  their  interactions  with  water  and  acetone.  This  led  to  a new 
reactivity  series,  significantly  different  from  the  standard  po- 
tentials for  the  metals.  This  is  a natural  consequence  of  the  very 
substantial  differences  in  heats  of  vaporization  of  the  metals. 

This  is  interestingly  illustrated  by  the  finding  that  copper  and 
zinc  have  the  same  potential  as  atoms,  and  that  the  well  known 
difference  in  reactivity  of  the  metals  must  then  be  due  to  the 
large  difference  in  heats  of  vaporization  rather  than  electronic 
effects.  This  atom  potential  series  developed  for  reactions  with 
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water  proved  to  be  tlie  same  for  reduction  of  acetone  and  leads  us 
to  suspect  that  it  will  be  the  same  for  all  electron  transfer  re- 
actions of  the  metal  atoms. 

Along  lines  similar  to  the  acetone  work  described  above  was  the 
reaction  of  magnesium  with  CO2 , which  apparently  produces  two  ra- 
dical ions,  CO2".  These  radicals  can  be  trapped  with  olefins  to 
affect  the  bis-carboxylation  of  the  unsaturated  linkage,  a reaction 
hitherto  unknown. 

The  bis-arenes  of  iron,  cobalt,  and  nickel  are  not  stable  at 
room  temperature  but  prove  to  be  exceedingly  interesting  zero  va- 
lent compounds  of  these  metals  which  with  a great  variety  of  li- 
gands will  give  up  the  metal  atom,  liberating  the  arene . These 
will  prove  to  be  important  synthetic  intermediates  for  these  ele- 
i ments. 

I 

j The  reaction  of  nickel  atoms  with  butadiene  is  important  and 

, complex.  We  have  made  significant  progress  in  understanding  what 

i occurs  in  this  system  by  identifying  a 1:1  nickel -butadiene  complex 

which  is  stable  below  -45°.  Above  that  temperature  this  complex  re- 
acts with  excess  butadiene  to  make  the  well  known  nickel -butadiene 
trimer.  If  butadiene  is  not  available  to  this  complex  it  under- 
goes a polymerization  to  make  a toluene  soluble  polymer  which  still 
has  the  same  composition  of  one  nickel  atom  per  C-4  unit.  This  is 
an  exceedingly  interesting  finding  and  suggests  that  we  may  have 
prepared  a hydrocarbon  chain  with  nickel  clusters  distributed 
along  the  chain.  Further  work  with  this  material  continues. 

A highly  significant  finding  was  made  in  the  field  of  hetero- 
geneous catalysis.  We  believe  we  have  prepared  a heterogeneous 
catalyst  which  has  single  rhodium  atoms  as  the  active  sites. 

This  is  a rational  preparation  from  which  one  can  easily  draw  the 
implication  that  it  would  be  possible  to  do  the  same  with  all  the 
other  metals,  and  to  extend  this  preparative  procedure  to  the  for- 
mation of  heterogeneous  catalysts  in  which  the  active  sites  would 
be  di-atoms,  both  homo  and  hetero  combinations,  or  tri-atoms  in 
which  the  active  sites  could  all  be  the  same  atoms  or  almost  any 
combination  of  atoms.  If  this  speculation  proves  to  be  correct, 
then  the  field  of  heterogeneous  catalysis  will  have  available  for 
the  first  time  materials  in  which  the  active  sites  would  have  a 
clearly  defined  molecular  composition.  This  should  have  highly 
interesting  implications  for  the  mechanisms  of  heterogeneous  re- 
actions, but  far  more  important  is  the  expectation  that  these 
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catalysts  will  have  properties  significantly  different  from  the 
usual  supported  metal  catalysts  which  in  essence  have  particles 
of  metal  distributed  on  the  support.  The  possibility  that  an 
important  contribution  to  the  preparation  of  new  electrode  mater- 
ials is  a clear  consequence  along  these  lines.  This  work  makes 
up  an  important  line  of  future  investigation. 

In  an  area  unrelated  to  metal  atom  chemistry  we  have  gained 
strong  evidence  that  succinimidyl  radical  has  been  prepared  as 
a reaction  intermediate,  and  that  its  properties  are  quite  unusual 
for  free  radicals.  Further  we  have  made  the  intriguing  discovery 
that  it  is  possible  in  thermal  chain  reactions  to  generate  both 
the  ground  state  and  the  excited  state  of  this  radical,  which 
naturally  show  quite  different  reactivities.  This  idea  is  being 
extended  to  a number  of  analogous  systems. 
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